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Title 

HEAT EXCHANGER 

Abstract 

PROBLEM TO BE SOLVED: To improve a heat transfer performance by inserting 
turbulence generating members into cold gas passages and hot gas passages in a heat 
exchanger in which the cold gas passages and the hot gas passages are alternately formed 
by laminating corrugated primary surface plates for hot gas and cold gas. 
SOLUTION: A heat exchanger is formed by laminating corrugated primary surface 
plates 12 for cold gas and corrugated primary surface plates 20 for hot gas through edge 
materials between edge parts and forming cold gas passages 24 and hot gas passages 25 
alternately therein. Turbulence generating members 33 are inserted into the cold gas 
passages 24 and the hot gas passages 25. As a turbulence generating member 33, for 
instance, a torsion plate 34 is used which is formed by twisting a thin metal tape 
extending in the longitudinal direction of the air passages 24 and the gas passages 25. 
Further, the turbulence generating member 33 is fixed at both ends to the air passage 24 
or the gas passage 25 by spot-welding. 

[Claim(s)] 

[Claim l]By laminating a corrugated panel-like primary surface board for cold gas (12), 
and a primary surface board for heat gas (20) via marginal material (22) between edges, 
A heat exchanger carrying out insertion arrangement of the turbulent flow generating 
component (33) to an inside of a cold gas passage (24) and a hot gas passage (25) in a 
heat exchanger which formed a cold gas passage (24) and a hot gas passage (25) in an 
inside by turns. 

[Claim 2]The heat exchanger according to claim 1 which is a torsion board (34) with 
which a turbulent flow generating component (33) is prolonged to a longitudinal direction 
of a cold gas passage (24) and a hot gas passage (25). 

[Claim 3]Claim 1 which provided a turbulent flow generating component (33) in a 
portion to which temperature of a primary surface board for cold gas (12) and a primary 
surface board for heat gas (20) becomes low, or 2 — either — a heat exchanger of a 
description. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a heat exchanger. 

Heat transfer performance is related with the heat exchanger it was made to improve 

more in more detail. 
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[0002] 

[Description of the Prior Art] Compared with a plate fin type heat exchanger, a 
miniaturization and highly-efficient-izing are easy, and the heat exchanger called a 
primary surface heat exchanger (primary surface heat exchanger) suitable for using it 
with internal-combustion engines, such as a gas turbine, etc. is developed. 
[0003]It seems that the above-mentioned primary surface heat exchanger is shown in 
drawing 4 - drawing 8 . 

[0004]That is, as shown in drawing 6 - drawing 8 , the mountain 1 and the valley 2 appear 
by turns to the longitudinal direction 3, and the mountain 1 prolonged in the sliding 
direction 4 and the valley 2 form two kinds of several vertical many corrugated panels 5 
and 6 made from thin meat which have a wave pattern which moves in a zigzag direction 
right and left. 

[0005]And as shown in drawing 6 , attach the corrugated panel part 9 for air inlets of the 
couple which carried out triangular shape which forms the air inlet channel 8 where it 
inclined for making the air 7 (cold gas) flow into the top chord of one corrugated panel 5 
from both sides, respectively, and. The corrugated panel part 1 1 for air outlets of the 
couple which carried out triangular shape which forms in the lower side of the corrugated 
panel 5 the air-outlet channel 10 where it inclined for bringing the air 7 together in a 
center section, and taking it out, respectively is attached, and the primary surface board 
12 for air is constituted. 

[0006]The air inlet duct in which 13 was attached to the inlet part of the air inlet channel 
8, and 14 are the exhaust air exit ducts attached to the outlet part of the air-outlet channel 
10. 

[0007] As shown in drawing 7 , attach the corrugated panel part 17 for gas outlets of the 
couple which carried out triangular shape which forms the gas outlet channel 1 6 for 
missing the gas 1 5 (heat gas) upwards mostly in the top chord of the corrugated panel 6 
of another side, respectively, and. The corrugated panel part 1 9 for gas inlets of the 
couple which carried out triangular shape which forms the gas inlet channel 1 8 for 
accepting the gas 1 5 in the lower side of the corrugated panel 6 from a lower part mostly 
is attached, and the primary surface board 20 for gas is constituted. 
[0008] As shown in drawing 8 , laminate the primary surface board 12 for air, and the 
primary surface board 20 for gas to multistage at the cross direction 21, and. The 
marginal material 22 is intervened between the edges of the primary surface board 12 for 
air, and the primary surface board 20 for gas, What is done for the welding 
immobilization of between the primary surface board 12 for air, the primary surface 
board 20 for gas, and the marginal material 22 (weld zone 23) constitutes the heat 
exchanger 26 which has the airstream way 24 and the gas passageway 25 inside, 
respectively as shown in drawing 5 . 

[0009]It is made not to form the marginal material 22 to the portion of the entrance of the 
air inlet channel 8 and the gas inlet channel 18, and the portion of the exit of the air-outlet 
channel 10 and the gas outlet channel 16. 
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[00 10] As shown in drawing 4 , the above-mentioned heat exchanger 26 in the middle of 
the exhaust gas duct part 28 of internal-combustion engines, such as the gas turbine 27, 
Connect with the air inlet duct 13 to which it has arranged so that exhaust gas (gas 15) 
may pass along the gas passageway 25, and the air-outlet pipe 30 of the air compressor 
part 29 of the gas turbine 27 was attached in the air inlet channel 8, and. The exhaust air 
exit duct 14 attached to the air-outlet channel 10 is connected to the air inlet pipe 3 1 of 
the turbine part of the gas turbine 27. 

[001 1]32 is an air inlet door in the air compressor part 29 of the gas turbine 27. 
[00 12] When according to this composition the gas turbine 27 is driven and the air 
compressor part 29 is turned, the air 7 (cold gas), It is inhaled by the air compressor part 
29 from the air inlet door 32, is compressed by air compressor part 29 inside, and the 
compressed air 7, Then, it is sent to the heat exchanger 26 via the air inlet duct 13 from 
the air-outlet pipe 30, It lets it pass in order of the air inlet channel 8, the airstream way 
24, and the air-outlet channel 10, it is sent to the turbine part of the gas turbine 27 via the 
air inlet pipe 3 1 from the exhaust air exit duct 14, and the inside of the heat exchanger 26 
is used for combustion of fuel in a turbine part. 

[00 13] And the hot gas 15 (heat gas), such as exhaust gas generated by combustion of fuel 
in the turbine part, On the way, let it pass so that it may become a countercurrent flow to 
the flow of the air 7 about the inside of the heat exchanger 26 at the order of the gas inlet 
channel 18, the gas passageway 25, and the gas outlet channel 16, it is discharged to the 
exhaust gas duct part 28, the air 7 is heated, and oneself, heat is taken by the air 7, and it 
is low-temperature-ized, and is discharged after that. 

[0014]the above-mentioned heat exchanger 26 --****, in order to separate only the 
primary surface board 12 for air of the shape of a thin corrugated panel, and the primary 
surface board 20 for gas and to carry out heat exchange of the air 7 and the gas 15, It is 
possible on structure to secure a large heat transfer area, and high heat exchanging 
efficiency can be acquired compared with a plate fin type heat exchanger. 
[00 15] And since structure is easy, it becomes possible to attain a miniaturization 
compared with a plate fin type heat exchanger. 

[00 16] Although the above has indicated the case where it applies to the gas turbine 27 as 
an example, it does not restrict that the heat exchanger 26 can perform heat exchange 
only between the air 7 and the exhaust gas 15. 
[0017] 

[Problem to be solved by the invention]Although he is trying for a heat exchanger to aim 
at improvement in heat transfer performance by making it make the airstream way 24 and 
the gas passageway 25 which were made into meandering shape pass the air 7 and the gas 
15, Room for the air 7 which flows through the inside of the airstream way 24 and the gas 
passageway 25, and the gas 15 to raise heat transfer performance more since [ in 
alignment with the airstream way 24 and the gas passageway 25 / being regular ] it flows, 
namely, is in the laminar flow state is left behind. 

[00 18] An object of this invention is to provide the heat exchanger heat transfer 
performance was made to improve more in view of the above-mentioned actual 
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condition. 
[0019] 

[Means for solving problem]This invention by laminating the corrugated panel-like 
primary surface board 12 for cold gas, and the primary surface board 20 for heat gas via 
the marginal material 22 between edges, In the heat exchanger which formed the cold gas 
passage 24 and the hot gas passage 25 in the inside by turns, the heat exchanger carrying 
out insertion arrangement of the turbulent flow generating component 33 to the inside of 
the cold gas passage 24 and the hot gas passage 25 is started. 

[0020]In this case, the turbulent flow generating component 33 may be the torsion board 
34 prolonged to the longitudinal direction of the cold gas passage 24 or the hot gas 
passage 25. 

[0021]It may be made for the temperature of the primary surface board 12 for cold gas 
and the primary surface board 20 for heat gas to form the turbulent flow generating 
component 33 in the portion which becomes low. 

[0022]According to the above-mentioned means, the following operations are obtained. 
[0023] Since insertion arrangement of the turbulent flow generating component 33 was 
carried out to the inside of the cold gas passage 24 or the hot gas passage 25, the cold gas 
7 and the heat gas 1 5 which flow through the cold gas passage 24 or the hot gas passage 
25 can be turbulent-flow-ized by the turbulent flow generating component 33, and can 
raise the part and heat transfer performance by it, respectively. 

[0024] When the torsion board 34 prolonged to the longitudinal direction of the cold gas 
passage 24 and the hot gas passage 25 is used as this turbulent flow generating 
component 33, with the torsion board 34. The cold gas 7 and the heat gas 15 which flow 
through the cold gas passage 24 or the hot gas passage 25 serve as a turning stream in 
part, respectively, the flow of the peripheral part of the torsion board 34 is turbulent-flow- 
ized, and heat transfer performance improves. 

[0025] Since what is necessary is to twist a thin metal tape and just to constitute, when the 
torsion board 34 prolonged to the longitudinal direction of the cold gas passage 24 and 
the hot gas passage 25 is used as this turbulent flow generating component 33, it can 
attach easily also to the existing heat exchanger. 

[0026]Even if it forms such a turbulent flow generating component 33 to all the cold gas 
passages 24 and hot gas passages 25, Also as what it may be made to provide selectively 
to some of the cold gas passage 24 and the hot gas passages 25, and is continued and 
prolonged for the overall length of the cold gas passage 24 and the hot gas passage 25, 
Although it is good also as what is prolonged to proper length, for example the turbulent 
flow generating component 33, By making it provide to the portion in the primary surface 
board 12 for cold gas, or the primary surface board 20 for heat gas to which temperature 
becomes low, It becomes possible to adjust so that the heat transfer amount of the portion 
may increase more than the heat transfer amount of other portions, and to make it also 
make the temperature distribution of a heat exchanger equalize. 
[0027]Thus, if it becomes possible to equalize the temperature distribution of a heat 
exchanger, stress concentration partial to a heat exchanger at the time of heat 
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modification can be prevented from arising. 
[0028] 

[Mode for carrying out the invention] Hereafter, an embodiment of the invention is 
described with the example of a graphic display. 

[0029] Drawing 1 is an example of an embodiment of the invention, and since it is the 
same as that of drawing 4 - drawing 8 , it omits [ structure / of a heat exchanger / 
fundamental ] explanation by attaching the same mark about the same portion. 
[0030]In this invention, it is made to carry out insertion arrangement of the turbulent flow 
generating component 33 to the inside of the air stream way 24 or the gas passageway 25. 
[003 l]As this turbulent flow generating component 33, the torsion board 34 prolonged to 
the longitudinal direction of the airstream way 24 and the gas passageway 25 is used, for 
example. This torsion board 34 twists a thin metal tape, and is constituted. The turbulent 
flow generating component 33 is fixed by carrying out spot welding of the both ends to 
the airstream way 24, the gas passageway 25, etc., for example. The turbulent flow 
generating component 33 can also be made into things other than the above, and can also 
adopt how to attach except the above. 

[0032]Even if it makes it provide to all the airstream ways 24 and gas passagewaies 25, it 
may be made to form the turbulent flow generating component 33 selectively to some of 
the airstream way 24 and the gas passagewaies 25. 

[0033]The turbulent flow generating component 33 is good also as what is prolonged to 
length proper also as what is continued and prolonged for the overall length of the 
airstream way 24 and the gas passageway 25. 

[0034]For example, it is made to form the turbulent flow generating component 33 to a 
portion with short channel length in all of the range 35 24 in the primary surface board 12 
for air as shown in drawing 2 , i.e., airstream ways, and the air inlet channel 8 and the air- 
outlet channel 10. 

[0035]It is made to form the turbulent flow generating component 33 to a portion with 
short channel length in the range 36 in the primary surface board 20 for gas as shown in 
drawing 3 , i.e., all of the gas passagewaies 25, and the gas outlet channel 16 and the gas 
inlet channel 18. 

[0036]Next, an operation is explained. 

[003 7] Since it is the same as that of the case of drawing 4 - drawing 8 about the process 
in which a heat exchanger performs heat exchange, explanation is omitted. 
[0038]In this invention, since insertion arrangement of the turbulent flow generating 
component 33 was carried out to the inside of the airstream way 24 or the gas 
passageway 25, the air 7 and the gas 15 which flow through the airstream way 24 or the 
gas passageway 25 can be turbulent-flow-ized by the turbulent flow generating 
component 33, respectively, and can raise the part and heat transfer performance by it. 
[0039] When the torsion board 34 prolonged to the longitudinal direction of the airstream 
way 24 and the gas passageway 25 is used as this turbulent flow generating component 
33, with the torsion board 34. Since a part of air 7 which flows through the airstream way 
24 or the gas passageway 25, and gas 15 serve as a turning stream, respectively and the 
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flow of the peripheral part of the torsion board 34 is turbulent-flow-ized, heat transfer 
performance improves. 

[0040] Since what is necessary is to twist a thin metal tape and just to constitute, when the 
torsion board 34 prolonged to the longitudinal direction of the airstream way 24 and the 
gas passageway 25 is used as this turbulent flow generating component 33, it can attach 
easily also to the existing heat exchanger. 

[0041]Even if it forms such a turbulent flow generating component 33 to all the airstream 
ways 24 and gas passagewaies 25, Also as what it may be made to provide selectively to 
some of the airstream way 24 and the gas passagewaies 25, and is continued and 
prolonged for the overall length of the airstream way 24 and the gas passageway 25, The 
range 35, i.e., all of the airstream ways 24, although it is good also as what is prolonged 
to proper length, as shows the turbulent flow generating component 33 to drawing 2 in 
the primary surface board 12 for air, for example, It provides to a portion with short 
channel length in the air inlet channel 8 and the air-outlet channel 10 (portion with few 
heat transfer areas), And the range 36, i.e., all of the gas passagewaies 25, as shows 
drawing 3 in the primary surface board 20 for gas the turbulent flow generating 
component 33, By being made to provide to a portion with short channel length in the gas 
outlet channel 16 and the gas inlet channel 18 (portion with few heat transfer areas), It 
becomes possible to adjust so that the heat transfer amount of the portion may increase 
more than the heat transfer amount of other portions, and to make it also make the 
temperature distribution of a heat exchanger equalize. 

[0042]Thus, if it becomes possible to equalize the temperature distribution of a heat 
exchanger, stress concentration partial to a heat exchanger at the time of heat 
modification can be prevented from arising. 

[0043]What the temperature distribution of a actual heat exchanger is measured and 
attaches the turbulent flow generating component 33 to a portion with a low temperature 
later is possible. 

[0044] As for this invention, it is needless to say that change can be variously added 
within limits which are not limited only to an above-mentioned embodiment and do not 
deviate from the summary of this invention. 
[0045] 

[Effect of the Invention] As explained above, according to the heat exchanger of this 
invention, the outstanding effect that heat transfer performance can be improved more 
can be done so. 

[Translation done.] 
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^n<enasi«4at»3 3t: < }:-j'ca86fl:s*i, 

4h {s«fl£ft±£-£6 - k sW* 6 i -5 fcsflr* . 
[0024] KSLa06£Sfl* 3 3 k LX , XffiB 2 

4 fca&#*atl&2 5(50^*1*1^^6 *^*y«3 4* 
fflV^iotLfc*^. *^'y$t34t±->T. fttiX 
SB 2 4 J &toffXffigi2 5 £ffih.&fttfZ7l:t&tfX 1 

5 ^ii-eit-sftiiia t * 0 . *y u s 3 4 <oja ias 

[00 25] IMSMPtt 3 3 k UT , fc#*«»2 
4kll#XSB2 5<0*#*|l!FV3Kf**yU«3 4t 



[002 6] i^J:^ SLS»£SStt3 3{4. £TO 
»^SB»2 4 kJfejf^a£B2 5 fc*tL,TKtt5 i a t 
LTts &#XSB2 4kiMxSB2 5<^%W< 

tfzwu 24 1 maxwk 2 5 (D^mzm-o xm/i *> 

Witf s SLs«3l$« 3 3 £ s -f v y 

-7x^xii 2 j ^fe^*xfflr7-f vy— t-7x-f x 
3 i k fc<k y . *«a^£3!«a^<08Mi-«>ft 
fc3 i o \z-f h z b t> ^rffik £6 . 

[0027] z<7)£ a «BawioauE»'*fc*--ft 

^rl57im** { i i k £B&±1-S i k^T# h X o t 
ft*. 

[0028] 

[0029] ni{±, ^mmmmmn-mx-h 
y. «gaft«<o**wftaBtt-pv>TJ4, H4-Ei8k 

BHTC*4 fcft , to Ir {4R-<0flr* t ft 

tik(Cct01^J!&«Bgtl>. 
[0030] *W5!Ttt. 29ISUI2 4^^8tB2 5 

«rt»fc, a«^^«3 3S#AEa^6iott 

[003 1 ] g[aje«4fflW3 3 k UTii, Mitf, 2 

2 4k #*aa» 2 5 co^^^itj^sv & ^ v y k 

3 4fcJI!nSJ:3lC"*-i. R*^U«34tt, »V^fe* 
•f-r£fet-9Tfl!)S-tSJ:5t-t6. SL8B5fi*iW3 
3(i. WS*2Se(E!62 4^^SEK2 5*if 

fc*tLTX^-y h»»t6ftkLTilSt4 i-5 
i. SL85»4«tt3 3tt, ±SCWkot<ok-t6ikt> 

. JRW«rt>±IH£Wk't6 i fcj&ff* 6 . 
[ 0 0 3 2 J ft. SLS5^i5«3 3(4. ^T^M« 
24k#*8SB2 5fc#LTKtJ-6J:3{cLTt,» SM 
« 2 4 k ^SB» 2 5 <0 p %W V K OjWC« UfflJ 

[ 0 0 3 3 ] X, ffii4W3 3ti. SS1S5K2 4 k 

(JOft^fcSV'l.tWk LTt^V^ 
[0034] M^.{f N il&m.m3 3 

-fvy— 9--7x-fx«i 2\,zanh^ m2£^ti.o 

tSLTSttl. J: a k-ri. . 

[003 5] X. agg^gPff3 3£. *'Xffl7'7^7 
U— 9^7x>f^«20t*J»t4, H3C*f i-3=M8 
H3 6. fiP%. #xSSM&2 5tf)£!Sk. ^xffiPSSES&i 



(4) 
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[0036] faHtov^TKHWi. 
[0037] fS£$2§#M&£fT0 agfcoWCliB 

[0038] #3&HJ!Ttt, £$S8E»2 4 J *»#xaS» 2 5 

«fS£aW3 3tJ;oT**L^S«fl:3;fu *«>4h 
^)Mti8*|fiI±S-e-ft - k IPC* &ii KSr* . 
[0039] ma&6£«ff 3 3 k LT S Sa»2 4 
k #*SEB& 2 5 C0ft#*[6]^®t>'^ U % 3 4 
*J:3fcUS*a. *5;U«3 4t«fcoT. 2$t8£»2 
4 J Mte«»2 5 £SHT.4£fc7 fc#X 1 5<0-»*»* 

*iWJHiiat*i3 , *y y«3 4tfoi^iagp^m^ 
[0040] aasBfitaw 3 3 k lt. £m»m2 a 

bti*WBt2 5«*#*[6]^gr>'I.^^U«3 4SrfflV^ 

trav mnrnm^izn ixh mmmz 

ZttfXZt. 

[004 1] Z<7)£o%. ftmffi33lt, £TO 
2 4 k #Xffi» 2 5 fc« LTRtt* J: a K LT 

4 k #7{jfJ§ 2 5 § fcOfc LT fc , 

2 tfi H2 izf^ti. 5 *IBH 3 5 , BP*> , 2g«8B 
SS2 4?):£SI$k, ^^APSS&8Sy ; 'SMSP» 1 0 

fc**t-tRW\ k-o. ass«4ffl5tt3 3t, tixmr? 

Am — 9--7x-f7«2 0fc£(t&. 03t^-fi'5 
&ISH3 6, Bp-fe, ^SEB2 50^»i:, tfxtfJPSS 

# (fifM*^&^#) fcttLTlftftS.kSfc:'*-* 
&k"tl> £ k K J: *) s ^S5#ofi»S#l!^#<9fS 

j: 9 «, # < * s i 5 (ciflSE ixmzmn&mm 

[0042];<7)j;ol^ 5RS3ft8S<OfflK*ffi*^-fl: 



Kt&im + m. i * z k * Butt £ £ k # t * t «t 3 1 

[ 0 0 4 3 ] X, ^<0fe£M§O?^tfB£M5EL 
X. fflS<0ffiV^taSE564»tt3 3&«*»t]R#tt 
* J: 5=Sr£fc 

[0044] ft. #l£BJ?ti. Jba^Htt^JBK^RI 
rtfc*j^T«*3QEtHBiff4c: klitoKaxfo I . 

[0045] 

[HHB^»«] jyjJttH)! Wrist. *fKB^RSSI» 

t j: wf . \5$mm* i o i*i±-r & z t * t 

[Hffi^fS^MPJ 

[SI ] *^BH^«^«cO-^iJtA^I»^jj^^ 

[ n 2 ] ^mfflr 5 — 9-- 7 x ^ xMtM-ri.SL 
m^mmmmti^tmet mmnmxhz, . 
[H3] W7^vj- ±a xmzmui 

IM5] m^mm^tm^mmxht. 

[me] ^mryA •? y — t- 7 x ^ xwiw 

[ H 7 ] tfxfflr? — 9— 7i-f xm^IJffiHT' 

[H8] 06 -07COVI I I -VI I I^SHT* 

1 2 ^*7fflT9 -f v y — 9— 7 x A XM ( ^fflr 
7^V'J-Hf-7x4X«0 

2 o rnxxmr? Am --9-- 7i^xs( ^xfflr 

22 Sfttt 

24 ^xaas (3g«aa») 

25 mtfxmwxm) 

33 ass^aw 

34 *^>;s 

3 5 $EH 
3 6 ieH 



